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PEEP ACE. 



This essay by the late J. J. ATKrasos, 
was prepared for the Manchester Geo- 
logical Society. The recognized value of 
the paper led to its publication in Eng- 
land in such form as to satisfy the wide 
demand for so thoroughly practical a. 



It was first republished in this country 
in Van Nostkand's Magazins, and by 
re^on of a demand for this special sub- 
ject, it was considered advisable to giTe 
it the compact form of the Science series.. 
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We would call attention of the reader 
to another work by the same author, 
also published in this series, on " The 
Gaaea Met with in Coal Mines." 
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Friction of Air in Mines. 



amount of tlie preeenre or force roqnired to 
ovBicomo it. 

NuMBKOTTS experiments have been 
made to find out the laws that govern, 
the friction of air and gases, both in 
pipes having a uniform section, and, ti> 
a l^s extent, in the irregular air-ways of 
mines. By these experiments, the fol- 
loiring laws have been found to hold' 
good in practice : 

The pressure required to overcome the- 
frictioD of air increases and decreases in 
exactly the same proportion that the area 
or extent of the robbing surface exposed 
to the air increases or decreases ; so that 
when the velocity of the air, and the sec- 
tional area of the air-way, remain the- 
same, the pressure required to overcome 
the friction is proportional to the area or 
extent of the rubbing surface exposed to. 
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it ; and hence, if we double or treMe the 
extent of the rubbing surface, wo also 
double or treble the friction, or, what is 
the same, the force or pressure required 
to overcome it. The rubbing surface, of 
coulee, depends upon the circumference 
•or perimeter of the air-way, and upon its 
length. The rubbing surface is found by 
multiplying the perimeter by the length 
■of the air-way, where it has a uniform 
section. A circular pipe or air-way offers 
leas rubbing surface, for the same length, 
than any other form or shape of air-way 
of equal sectional area ; because the cir- 
cumference of a circle is leas, in propor- 
tion to its area, than the perimeter or any 
other figure ia to its area. A circle whose 
area is 1 has a circumference of 3.545, or 
rather more than SJ; the pei-imeter of a 
square is 4, when its area is 1 ; so that 
about 7 yards of square pipe would offer 
the same resistance as 8 yards of round 
pipe, having an equal size or area of sec- 
tion, when the same quantity of air passes 
through them in a given time. 

It is true tbat the friction of air or gas, 
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in passing through the same pipe or air- 
way, varies in juat the same degree that 
the density of the air or gas may vary ; 
but in air-waya in coal mines the air has 
always nearly one and the same density, 
and it is only in particular calculations 
that it becomes requisite to notice its 
changes of density, in reference at least 
to this part of the general subject, since 
they are so small in amount. This is the 
ease as regards friction, but the effeotn of 
Tariationa in the density of the air circu- 
lating in mines are more sensible in pro- 
ducing pressure, operating either in favor 
of or against the ventilating pressure, in 
rise or dip workings; but these eflects 
belong more especially to another part of 
the subject. In an air- way 5 feet square, 
the perimeter of a section h4')^&^20 
feet ; and if it is 1,000 long, the rubbing 
surface is 20X1,000 = 20,000 square 
feet. In an air-way 10 feet square, the 
perimeter of the section is 4 X 10 = *•* 
feet ; and if it was 1,000 long, the rub- 
bing surface would be 40 X 1.000 = 40,- 
000 feet ; so that, on comparing the two 
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cases, ',it will be apparent that for four 
times the area there is only two times the' 
eiteiit of rubbing surface. If eucb an 
air-way as that last mentioned (10 feet 
sqnare, and having a rubbing siirfaee of 
40,000 square feet for every 1,000 feet in 
length) were divi<3ed into four equal- 
«ized square air-ways, the rubbing sur- 
i to the moving air would be 




exactly double by the division ; and there 
would be 20 feet of perimeter for each of 
the four air-ways, or 80 feet on the whole ; 
80 that for a length of 1,000 feet the rab- 
bing surface for the four small air-ways 
Vould be 80,000 square feet,, or exactly 
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tirice as great as that for the one larga 
lur-way, altliough the united areas of the 
smaller air-ways would be exactly equal 
to that of the single large one. In one 
■case there would be a single air-way 100 
feet in area, and in the other four smaller 
aiivways, each 95 feet area ; but the rub- 
bing surface, and therefore the friction 
and the pressure required to overcome it 
for the same gross quantity of air, would 
be twice as great in the four small as in 
the one large air-way having the same 
area. And from ttia fact we learo that 
one large air-way is preferable to a num- 
ber of smaller ones, even if they together 
make up the same sectional area or size. 
In practice it often happens, however, 
that a number of small air-ways can be 
made and maintained at less cost than 
one large air-way presenting an equal 
sectional area; and, in snch cases, a few 
«xtra air-ways of small area may more 
than compensate in utility and make up 
in cost for the absence of one extra-sized 
air-way; and hence the futility of insist- 
ing upon the sectional area of air-ways in 
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mines being of any particular amonntr 
irithout Bpecifyiiig their number, beyond 
requiring that one at least in each split 
be large enough to admit of persons 
travelling in it. The same principle may 
be illustrated by taking two air-ways of 
equal size or sectional area, but having 
diSerent forme or shapes of section ; sup- 
posing oneof them to be 10 feet high and 
10 feet wide, its size or area of sectioB 
■would be 10 X 10 = 100 feet; and sup- 
posing the other air-way to be 30 feet 
wide, but only 5 feet high, the area 
would be the same (or 5 X 20), 100 feet. 



f. The air-way 10 feet square would have 
a perimeter of section 4 X 10 =40 feet, 
while the other would have a perimeter 
of (20 -f 20 -i- 5 + 5) 50 feet, compared 
with only 40 in the former; so that for 
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equal lengths tbe friction of the air would 
only be 40 in the square air-way compared 
with 50 in the oblong one ; and the 
friction in 50 yards of length in th& 
square-shaped air-way would be no more 
than that in 40 yards of length in the ob- 
long orie for the same quantity of air. 
Since the air in a mine presses with near- 
ly the same force upon every square foot, 
it is quite natural that the frictional 
resistance should be greater or less in 
amount, to the same extent that the rub- 
bing surface or number of square feet, 
exposed to the air is greater or less ; and 
this ia the general law or principle that- 
has just been stated and illustrated by 
examples. 

The pressures employed to ventilate- 
mines are commonly reckoned at so much 
per square foot of area, and not by the- 
entire pressure employed, which is equal 
to the number of square feet multiplied 
by the pressure on each square foot of 
Hectional area in the shaft or air-way. 
For instance, a ventilating pressure of 10' 
lbs. to the square foot on an air-way 10ft 
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feet in area, is equal, on the whole, to 10 
X 100 = 1,000 Iha. If the same pressure 
of 10 lbs. per foot is applied to an air-way 
of only 50 feet area, the total pressure 
is only 10 X 50 = 500 lbs. ; owing to 
the area being one-half, the total or gross 
pressure ia also only one-half. In order 
to get the same total pressure, we mast 
make the pressure per foot greater iu the 
same proportion that the area is leas, 
when the rubbing surface and velocity of 
the air are to be the same in two c^es. 
If we reckoned ventilating pressiu'e fay 
its total amount, we would not re- 
quire to notice this law, it is so self- 
evident; and it is only because we speak 
and treat of it as so ranch pressure per 
square foot that we require to consider 
the number of square feet to which it is 
applied. If there were two air-ways, one 
just twice the area of the other, the 
velocii^ of the air and the e3:tent of rub- 
bing surface being the same in each, then 
we must apply twice the pressure to each 
square foot of the small one that is re- 
quired by the larger one, to overcome the 
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equal smount of friction in the two air- 
ways, the quantity of air passing in the 
smaller one being jnst one-half of that in 
the larger. As an example, if we had an 



air-way 10 feet by 10 feet the area would 
be 100 feet, and the perimeter of section 
40 feet ; and another air-way 6 feet high 
by 15 feet wide, the area would be 75 
square feet, or just 3-4ths of the areaof the 
former ; the perimeter of section would 
be, however, exactly 40 feet in both air- 
ways. In the larger air-way we would 
only require to employ 34ths of the 
pressure on each foot of surface (that is 
to say, 3-4ths of the water gauge) that 
we would require to employ on each foot 
of the smaller area, so as to make up the 
same total ventilating pressure — the rub- 
bing surface for an equal length of air- 
way being the same in the two cases. 
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because the pei-imeter of their sections 
are equal, and the velocity of the air be- 
ing taken as the same in the two cases, 
the quantities of air per minute would be 
simply proportional to their respective 
areas under these circum.stances. (_ 

This seoond law relating to the fric- 
tion of air in mines need not have been 
noticed at all if we had reckoned ventilat- 
ing pressure as a whole ; but as we gen- 
erally speak of it as so many pounds per 
foot, we must also take into account, as 
has previously^een remarked, the num- 
ber o f square feet to which it is applied — 
that is, the area of the section of the air- 
way—in the same manner that the area in 
inches of the cylinder or piston of a steana. 
«ngine multiplied by the pressure on each 
square inch gipes the total force applied 
to the piston. An inch of water-column, 
as shown by a water-gauge, represents 
a pressure of about 5.2 lbs. per square 
foot. 

The third general law relating to the 
friction of air in mines is, that the pres- 
sare required to overcome the fnction in 
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the same air-waya varies (that is to aay, 
increases or decreases) in the same pro- 
portions that the square of the velocity 
of the air increases or decreases ; so that 
a double Telocity of air, in the same air- 
way, meets with a double double, or four- 
fold resistance ; a treble velocity meets 
with a treble treble, or nine-foM resistance ; 
and a velocity of four times as great 
gives rise to a resistance four times four, 
or sixteen times as great. In the same 
way a half velocity meets with one-half 
of a half, or l-4th of the resistance ; l-3d 
of the velocity encounters only a third 
part of a third, or l-9th of the friction, 
and so on. 

The third law of friction, at first sight, 
looks rather complex. Consideration, 
however, shows it to be quite natural, 
because, if we double the velocity of the 
air in the same air-way, we, in the flrit 
place, cause twice the quantity of air to 
meet the resistance in a given time ; and, 
in addition to this, every part of thia 
double quantity meets every resistance 
with a double velocity or momentum ; the 
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double quiiEtity of air and the donble 
velocity taken together, may well be sup- 
posed to givH i-iae to a double double, or 
four-fold resistance ; and this is the true 
law. Again, if we treble the velocity of 
the air, we thereby cause three times the 
number of particles to meet the resistance 
in each moment of time, and this alone 
should treble tho resistances ; but, in ad- 
dition to this, the treble quantity meets 
the resistances with three times the speed 
or momentum, which trebles the threefold 
resistance that arises from the threefold 
number of particles of air that meet the 
resistances each moment of time j on the 
whole making a ninefold resistance for 
a threefold quantity of air in a given 

The laws of ventilation would be very 
simple, quite as simple, indeed, as they 
are natural, were it not that, in lieu of 
the mere quantity of air circulating in a 
given time, oi- the mere velocity of the 
air, we must make use of the square of 
the quantity, or, what is the same, the 
square of the velocity, in our calculations ; 



f, Google 



17 

and, ae a matter of course, in calculations 
for comparative results, if we employ the 
squares of the quantities or velocities, we 
must expect, as results, not the quantities 
or the velocities simply, but their squares, 
and therefore it -will be necessary to ex- 
tract the square roots of the results so 
obtained in order to get at the simple 
quantities themselves. 

It has ali'cadybeen stated that there is 
one other principle bearing on the fric- 
tion of air passing through mines, to tbe 
effect that it is greater or less in the same 
proportion that the density or weight of 
each cubic foot of air is greater or less ; 
so that if each cubic foot of air had a 
double weight it would have a double 
amount of friction; or, if it had only halt 
the weight, it would have only half the 
amount of friction in the same air-way, 
when the velocity or the number of cubic 
feet per minut th m ; but the 

variations in th 1 n tj f the air in 
mines are so v y m 11 mj ared with 
the whole dens ty th t th ffects of this 
law on the am int f t lation are 
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very small — so small, indeed, as to be 
practically unfelt, at any rate as an in- 
crease or reduction of friction in the 
moving air ; even in" an upright or ver- 
tical shaft the density of the air would 
only be altered, on the average, by about 
l-60th part of its amount, compared with 
a level air-way, supposing the shaft to be 
150 fathoms deep, so far as the pressure 
of the atmosphere is concerned. The 
changes of density aiising from the heat 
of upcast shafts, in expanding the air, 
have a greater effect, so far as such shafts 
alone are concerned, under furnace ven- 
tilation ; but this does not affect the 
friction of the air in the workings of the 
mine ; and, even in these shafts, the 
lessened density, arising from expansion 
by heat, has its efFeots on reducing the 
shaft friction greatly modified, by the 
greater velocity due to the increase in 
the volame of the air"; this increased 
velocaty does more than make up, by the 
accompanying increase of friction, for any 
reduction in such friction that is due to 
the lessened density of the air in every 
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case; the friction, in fact, increases or 
decreases in just the same proportion 
that the volume of a given weight of air 
increases or decreases, whether the change 
of density arises from change of tempera- 
ture or from change of pressure. Sup- 
posing the temperature of the air in a 
mine to be 60° in winter and 65° in 
summer, on the average, such a change 
would only alter the friction in such mine 
by about 1-1 04th of its amount. In sum- 
mer the friction would be l-104th greater 
than in winter for the same weight of air, 
but it would, at the same time, be about 
l-104th part less for the same volume of 
air — an alteration hardly worth notice for 
the present purpose. The total friction 
or the total pressure due to the friction 
of air rubbing against the top, bottom, 
and sides of the air- ways of mines is not 
very well ascertained ; and all the experi- 
ments, at least all that have come under 
my notice as having been made for the 
purpose, have been in some respects of a 
rude character, the necessary particu- 
lars not being given in the accounta 
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published to fix with rigid accuracy it& 
amount. 

From tliG best accounts of such trials, 
it seems probable that for every foot of 
rubbing surface, and for a velocity in the 
air of 1,000 feet per minute, the friction 
is equal to 0.36881 feet of air column of 
the Eame density as the flowing air, 
which is equal to a pressure, with air at 
32°, of 0.0217 lbs. per square foot of area 
of section ; calling this the eo-efiicient of 
friction, we have the rules on the op- 
posite page with respect to the friction 
of air in mines. Putting these formnli& 
into words, we have the following set of 
rules : 

(1.) 7o find the total pressure* due to 
friction. — Multiply the co-efflcient of 
friction by the extent of the rubbing sur- 
face, and the product by the square of 
the velocity in thousands of feet per min- 
nte ; that is to say, by the square of the 

• The tetal pretmre, la 
plying the Bection&l area 
pteiuate per aguart foot. 
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quotient resulting from dividing the ve- 
locity in feet per minute by 1,000. 

(2.) To find the "nibbing surface. — ^Di- 
vide the total pressure by the product of 
tlie co-efficient of friction and the square 
of the velocity in thousands of feet per 
minuta 

(3.) To find the velocity/. — Divide the 
total pressure by the prodnct of the co- 
efficient of friction and the rubbing sur- 
face ; this gives the square of the velocity, 
the Bquare root of which is the velocity 
itself, in thousands of feet per minute ; 
this multiplied by 1,000 will give the 
velocity in feet per minute. 

(4.) 2 o find the co-e^oieni qfjricliort 
from experiments. — Divide the total 
pressure by the rubbing surface and the 
square of the velocity (in thousands of 
feet per minute) multiplied together, 

(5.) To find the pressure on each foot 
of eeciioM.— Multiply the co-efficient of 
friction, the rubbing surface, and the- 
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square of the velocity (in thouaands of 
feet per minute) ail into each other, and 
divide the product by the area of the 
aection, 

(6.) To find the area of the section.— 
Multiply the co-efficient of friction, the 
rubbing surface, and the square of the 
Telocity (in thousands of feet per minute) 
all into each other, and divide by the 
pressure on each foot of sectional area.* 

The foregoing rules embrace only the 
pressure due to friction, and not that 
dne to the creation of velocity, so that 
they may be regarded as being true of 
long pipes and air-waya, as they are 
given, but as requiring an allowance for 
the pressure due to the velocity in short 
pipes and air-ways. Thia allowance ren- 
ders the rules much less simple. 

Now, these rules, which are found out 

♦ If it Is preferrea to smploj tn tlieaa rales Hia Talooitf 
in feet per tnlaota, In lieu of In Oiousands of feet per min- 
uta, the oo-efflolenf ot fcloUon, In lien of .26881, -would be- 
; and if the Teloidty 18 tsien in feet per 
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by practical trials or experiments, lead 
na to many very important coiicliieioDS m 
reference to the best mode of conducting 
the ventilation of mines, in proof of which 
it would be easy to multiply examples. 

These laws of friction maybe illustrat- 
ed by the following example ; 

In an air-way 10 feet square = 100 
feet area, and 25,000 feet, or nearly five 
miles long, if the velocity of the air were 
1 foot per second, or 60 feet per minute, 
the quantity of air would be 6,000 feet per 
minute— the pressure due to friction (tak- 
ing the pressure at 14.7 lbs. per square 
inch, and the temperature at 32°) would 
be .7813 lbs. per square foot of sectional 
area of the air-way, the horae-power being 
.142. 

In another air-way of equal length, but 
instead of being 10 feet square only five 
feet square, givmg oply 25 feet or l-4th 
of the area of the larger air-w;ay, we have 
the following results : The rubbing sur- 
face in the small air-way would only be 
one-half of that in the large one ; but, on 
the other hand, the area to which the 
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Tentilatiiig pressure would apply would 
only be l-4tli ; and at the same time the 
velocity of an equal volume of air would 
be increased fourfold in the leaser air-way; 
this increase of velocity alone making 
sixteen times the friction, eo that on the 
whole it would be thirty-two times as 
great; making the pressure on each square 
foot 24.998 lbs., being thirty-two times as 
great as in the large ab^way. And there- 
fore, on the whole, the power expended 
would be also thirty-two times as great 
in the small as in the large air-way, for 
the same amount of ventilation per min- 
ute; the coals consumed would also be 
thirty-two times as great. If furnace 
ventilation were used, and the heat of the 
npcast shaft and pressure per foot were 
the same, instead of 6,000 cubic feet per 
minute, aa in the large ^r-way, we should 
only have 1,061 feet in the smaller one ; 
but, in this case, the coala burnt would 



of the former quantity, and the power 
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■would be less in the same proportion, for 
the lesser quantity of air. This shows in 
a striking manner the great advantage of 
large air- ways. 

The calculations relative to the two- 
cases, compared with each other for the- 
example just given, stand thus : 

TOE THE lARGB AIK-WAT. 

The length is 25,000 feet, and the peri- 
meter of section is 4 X 1^ = 40 feet ; so- 
that the rubbing surface 

s = 40 X 25,000 = 1,000,000 sq. ft. 
the area a = 10 X 1** = 100 square feet, 

the velocity v = = ,06, in thous- 

ands of feet per mln.; 

and h '^= .26881, being the co-effioient 
of i-esistance in feet 
of air-column of the 
same density as the 
flowing air. 
Now by formula (5) we have 
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giving in this case 

.26881 X 1,000,000 X (-OS X -QQ) 
"-''.-■" 100 

=9.67716 

feet of air-column aa the pressure required.. 
Taking the flowing air to have had th& 
density due to a temperature of 32°, and 
to a pressure of 14.7 lbs. per square inch, 
a cubic foot of it would weigh .08072S 
lbs., and, therefore, such a column would 
represent a pressure of 

9.67716 X .080728 =.7812 lbs. per sq. ft. ; 

and hence the horse-power due to the- 
friction of 6,000 cubic feet of air per min- 
ute, in passing through such an air-way 
would be 

-2 — „Ckr.r. — = -143, or about l-7th of a 
00,000 

horse-power. 



FOK THE SMALL AIR-WAY. 

Proceeding as in the former case, we- 
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■268S1 X (20 X 25,000) X (-S^ X -2*) 

25 
= 309.66912 

feet of air-column aa the pressure re- 
quired for putting the same quantity of 
air, 6,000 cubic feet per minute, into cir- 
culation ; being equal to a pressure of 
309.66912 X .080728 = 24.9989 lbs. per 
square ft. ; giving 



33,000 

If the pressure per square foot was the 
same in the sm^U as in the large air-way, 
or .7812 lbs. per square foot, the air-column 
.7813 
.080728 " 



■would be -i^^ = 9.67716 feet high ; 



and the square of the velocity (in thou- 
sands of feet per minute) would by for- 
mula (3) be 

«■ 9:67716J<35___ _ 

~ .26881 X (20 X 35,000) 
and hence the simple velocity, in thoa- 
aantis of feet per minute, would be 

r=''fr^0018= .042426, 
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and the Telocity in feet permifJiite wouldi 



.042426 X 1.000 = 42.426; 
and this gives for the quantity of air that. 
woaldbe put intocirculatiouin the small 
air-way, by the same preBsure- per foot 
that is required to circulate 6,000 cubic 
feet per minute in the large one, 

42.426 X 25 = 1,061 cubic feet per 
minute, as has been stated. 

To circulate 1,061 cubic feet of air per 
minute in the amall air-way would, how- 
ever, only involve the application of 



1,061 X ■'i'812 _ 
33,000 



.0251 hoi-se-power. 



which, under the conditions of the small 
air-way, and the assumed pressure, repre- 
sents the entire power due to the friction 
of the quantity of air that would oifoulate 
in it. 

Air, in being heated under a constant 
pressure, expands l-459th part of its vol- 
ume at the temperature of zero of Fah- 
renheit's thermometer for each degree of 
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temperatare imparted to it ; 459 cubic 
feet of air at 0" become 469 at 10°, 479 at 
20", 489 at 30°, and so on. 1,000 cubic 
feet of air at 32", the temperature of 
melting ice, expand to 1,366|^ cubic feet, 
at 212°, the temperature of boiling water. 
To find the relative volumes occupied by 
equal weights of air, under equal pres- 
sures, but at different temperatures, we 
have simply to add the constant number 
459 to the temperatures, and tbe sums 
give the relative volumes. The ordinary 
pressare of the atmosphere is equal to 
that of a column of water about 34 feet 
or 400 inches in height ; we,- however, 
seldom employ a difference of more than 
2 or 3 incbes of water column as ventilat- 
ing pressure in mines. The pressure of 
the air is about 2,116 Iba. per square foot, 
but we seldom employ more than 10 to 
17 lbs. extra as ventilating pressure. 
Owing to the ventilating pressures being 
so small, the changes of density in the 
air of mines (as it cireulatcs), arising 
from changes of temperature, the mixture 
of watery vapor or steam, the gases given 
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off, and one or two other causes, give rise 
to small local pressures in. the various 
splits of air in a mine. In rise splits these 
local pressures usually operate against 
the general ventilating pressure, and lea- 
sen the quantity of air that would other- 
wise circulate. In dip splits these small 
local pressures commonly act in the sam.e 
■direction as the general veutUatiag pres- 
. Burea, and so add to the amount of their 
ventilation. This arises from the return 
air of any split being generally less dense 
than the intake air. 

The laws of ventilation lead us to con- 
clude that if we increase or decrease the 
total ventilating pressure, and total quan- 
tity of air circulating in a given time, 
where the seam of coal is perfectly level, 
each way or split will get 9,Jixed share 
of the whole of the air entering the mine, 
no matter how long or short may he the 
different splits, and no matter how great 
or small may be the quantity of air. This 
is contrary to an old notion, that a short 
split gets an increasing and a long one a 
decreasing share of any lessened amount 



f, Google 



32 

of ventilation, apart from considerations 
aa to the riee or dip of the eeam. Not 
long ago this point was severely tested^ 
by numerous experiments, at several col- 
lieries; the results showed that the old 
idea w^ a mistaken one, and that the 
only changes that took place in the pro- 
portion or share of air going to different, 
splits, with a reduced ventilation, arose 
from their relative rise or dip, together 
with the relative densities of the intakes- 
and returns, and had no connection with 
the mere lengths of the splits. In ordi- 
nary cases, where the air of the returns- 
is less dense than that of the intakes, it 
we have a short level split regulated so- 
that, with the full ventilating pressure,, 
it gets the same amount of air as a long 
dip split, and if we then halve the total 
quantity of air circulating, we find that 
the short level split no langer gets its. 
share, hut only a quantity less than that 
which goes into the long dip split ; the- 
very reverse of this is the case where the 
long split is a rise one ; and these results 
are perfectly agreeable to the laws of ven- 
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tilation ttat have teen stated. In prac- 
tice, and with the ordinary splits of air 
used in mines, except in extreme condi- 
tions aa to the amount of rise and dip^ 
and changes of density in the air, and in 
the amount of ventilation, the share or 
proportion of air going into the different 
splits of a mine is nearly maint^aed, 
■whether we increase or lessen the total 
amount of ventilation; and any deviation 
from this depends upon the rise or dip of 
the splits, and not at all upon their rela- 
tive lengths. In practice, then, when any 
reduction of ventilation has heen brought 
about, we should generally find that the 
rise splits have been more affected than 
dip ones, if even the rise splits are shorter 
than the dip ones, and we should there- 
fore expect to find accumulation of gas in 
the short rise splits rather than in the 
long dip splits of the mine. The greater 
the rise the greater is the danger of this, 
quite apart from the mere length of the 
■splits, supposing them to be equally weE 
ventilated to begin with. 

So far as experiments have gone, they 
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show that if we had a aeries of equal sized 
and similarly shaped air-ways, made of 
different substances, the friction of ^ir in 
passing through them would differ ac- 
cording to the nature of the substances. 

Tekiiig the friction in earthenware pipes 

at 100 

In the air-ways of mines it would also he. 100 

In sheet-iron pipes, new and clean 39 

In " " rusty inside 10 

In easWron pipes, sootj inside. 20 

Itt " " tarred inside 18 

In Un pipes the friclaon would onlj he. . . 10 

So that 1-lOtb of the pressure would send 
.the same quantity of air through a tin 
pipe that would be required to force that 
quantity of air through an earthenware 
pipe of the same size in the same time. 
{See opposite page.) 

From these laws we learn, that the 
quantity of air that will pass through 
any mine is greater or less as the ventilat- 
ing pressure is greater or less, but not in 
the same proportion. When the air-ways 
are the same, the quantity of air only 
alters in the proportion of the square root 
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lof the pressure ; bo that a fourfold pres- 
sure only gives a double qaautity of air, 
:aiid a ninefold pressure only gives a treble 
quantity of air. But, on the other hand, 
one-fourth of the pressure still gives oae- 
■half of the air, and one-ninth of the pres- 
■Bure gives one-third of the air. Tha 
changes in the quantity of air, then, are 
•sluggish as compared with the oliangea 
in the ventilating pressure, only varying 
as its square root. The quantity of air, 
however, ia mora sluggish still in refer- 
ence to the power employed to cause it to 
circulate. The quantity of air only varies 
as the cube root of the power, and of the 
^quantity of coals burnt to produce it ; so 
that eight times the coals only double, and 
twenty-seven times the coals only treble 
the quantity of air circulating in a mine, 
whether the ventilation is produced by 
furnace action, ventilating machines, or 
otherwise, so long as the air-ways remain 
in the same unaltered state. From this 
we learn, that we must not ezpect any 
great general improvement in the venti- 
lation of mines from a mi 
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power; any increase in the quantity of 
air in the same air-ways is slow, email, 
and costly, compared with the necessary 
increase of power required to produce it. 
In the same manner these general laws 
siiow uB, that the quantity of air inoreasea 
as we decrease or lessen the extent of the 
frietional rubbing surface ; but again, not 
in tbe same proportion, but only aa the 
square root of the extent of the rubbing 
surface. If we could do away with three 
parts out of four of the rubbing surface, 
so as to reduce it to l-4th, otiier things 
being the same, we should only double the 
quantity of air in the mine ; if the rub- 
bing surface were reduced to even l-9th, 
the quantity of air circulating per min- 
uto would only be increased to three 
times itB previous amount. On the other 
hand, if the extent of workings' and rub- 
bing surface were increased to four times, 
or nine times their previous amount, while 
the area of the air-ways and the ventilat- 
ing pressure remained -unaltered, the air 
would only be lessened to one-half or one- 
third of its previous amounts respectively 
by such extensions, if we suppose the size 



„-,^,,, Google 



of the air-ways and the numter of splits 
of air to remain the same, as well as the 
Tcntilating pressure, in each case. 

From these laws, then, we learn, that 
either to increase the ventilating pres- 
sure, or to lessen the extent of rubbing 
surface exposed to the air circulating in 
mines, is a veiy slow and very costly 
mode of proceeding to increase the amount 
of ventilation, as the quantity of air cir- 
culating in a given time alters so slowly 
with any alteration that may be made in 
the ventilating power or pressure, or in 
the mere extent of rubbing surfaces that 
may be presented to it. For general im- 
provements wo must, therefore, look 
chiefly in some other direction, owing to 
these being slow and costly modes of in- 
creasing the ventilation of a mine. 

The same general laws of resistance 
show us that if we could reduce the velo- 
city of the air, consistently with increas- 
ing the quantity circulating in a minute, 

G should eieatly lessen the friction in 



eompaiieon with the quantity of air c 
cnlatiug, and so obtain an increased quan- 
tity for the same amount of friction, or 
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by the same ventilating presBure. This 
object is accomplished by splitting the air, 
so that instead of allowing the whole of 
tlie air to traverse the whole of the work- 
ings, a separate portion is taken into each 
different district of workings, and also 
brought out in a separate channel to a 
point near the up-cast shaft, after it has 
done its work. The air, as a whole, thus 
has as many ways to go in, and as many 
to come out by, as there are separate 
splits in the mine ; the extent of the rub- 
bing surface is not lessened by this, on 
the whole, but the area offered to the air 
is greatly multiplied ; and although the 
Telocity of each current may be reduced, 
still, on the whole, the quantity of air in 
all the splits is very much greater than if 
there were only one single current in the 
mine, even when the ventilating pressure 
is the same. Splitting the air does not 
flecesaarily enlarge the area offered to the 
air in the shafts, and the increased resist- 
ance arising from the increased quantity 
and velocity of air in them sets a limit to 
the benefits resulting from splitting' the 
air in a mine. Owing to the resistance 
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offered by the ahafts, we dare not have 
more than a limited numher of splits in » 
nune, because although every split adds 
to the total quantity of air circulating, 
still in each separate split the quantity 
ultimately becomes less and. leas, and if 
the number be too great, the current of 
each becomes too feeble and slow to 
sweep into the holes, corners, and places 
driven in advance of the actual current ; 
and besides this, powder smoke is a long 
time in being carried away from the work- 
men. Still it is a fact that an additional 
quantity of air, on the whole, is obtained 
from every new split that is made. 

The following general rules should be 
observed in splitting the air in mines : 

Every principal spiit of air should com- 
mence as near as possible to the bottom 
of the downcast shaft, and should have a 
distinct air-way to return in, as nearly as 
may be, to the furnace or the bottom of 
the upcast shaft, except in cases where it 
is necessaiy to mix different currents, lest 
some one or more of them may bo dan- 
gerously charged with gas. Splits of air 
only commencing far into the workings 
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of a mine have comparatively little effect 
in increasing the quantity of air. 

Where the air-ways are nearly of the 
same area in all parts of a mine, and the 
gases given off and the workmen em- 
ployed are pretty evenly distributed, the 
length of the runs of the different spHts 
should be as nearly equal to each other as 
circumstances may pennit. The observ- 
ance of this rule has a tendency to ren- 
der regulators and other obstructions 
comparatively needless, and so to in- 
crease the amount of ventilation. 

If we have a number of splits of air in 
a mine, each with an equal amount of air, 
then it is necessary so to obstruct each of 
the shorter splits as to cause their fric- 
tional r^istances, when they have their 
proper share of air, to be as great as that 
of the longest split, when it also has its 
due share ; otherwise they would get too 
much air, and the longer ones too little. 
These obstructions, of course, lessen the 
total quantity of air circulating. 

The increased quantity of aii- obtained 
by splitting depends greatly upon the 
relative depths and areas of the shafts, as 
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compared with the lengths and areas of 
the air-ways forming the workings of the 
mine. Supposing a mine to have auch 
shafts and air-ways that when there are 
five equal splits of air the shaft resistances 
amonnt to one-half of the resistances 
offered by the mine — and this is no un- 
common case — then, if before splitting 
the ail' at all we had a ventilation of 
10,000 cubic feet of air per minute, the 
following are the quantities of air that 
would circulate by increasing the num- 
ber of equal spUts, while the entire ex- 
tent of the workings, and the upcast 
shaft, and the ventilating pressure all re- 



No. of 
Currents. 


QuwiaiiesoEAir 
on the whole. 


Quantities in each 
split. 


1 
2 
3 

10 


10,000 
27,892 
49,449 
71.627 
00,789 
107,800 
141,710 


10,000 
13,946 
16,480 

IS^ISS 
17,96fi 
14, in 
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In this case the coals burnt, whether 
in a furnace or by an engine driving a 
ventilating machine, would increase in 
the same proportion that the quantity of 
air increased, because the power would 
increase in that ratio. If the coals burnt, 
and the power remained unaltered, the 
results would only be as follows : 







QuanlJtieaof Ail- 


No. of 


Total Quantities 


per minute in each 


Currente. 


ot Air per minute. 


split. 


1 


10,000 


10,000 


3 


19,813 


9 


906 


3 




9 


674 


4 


37,121 


9 


280 


5 


43,736 




747 




48,797 




133 


10 


68,566 


6 856 



Enlarging the sectional area or size of 
air-ways has a great effect in increasing 
the ventilation, but it is attended with 
great cost, and in general terms may be 
said to be much less effectual than judi- 
ciously splitting the air into a series of 
different currents. The beneficial effects 
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of splitting air are, I believe, more fully 
appreciated, and the practice ia more ex^ 
tensively followed ia the Newcastle coal- 
field than in any other mining district ; 
but even there it too often happens that 
the splits arc made too fiir from the bot- 
tom of the downcast shaft, and are again 
bronght into the same return too soon 
after they leave the face of the workings. 
This often arises from pillars being work- 
ed away near the shafts, without proper 
places being left to make additional air- 
ways leading to and from tho more dis- 
tant parts of the mine. This a very com- 
mon oversight, and often entails either 
danger or a serious outlay, which might 
be avoided by care and forethought. 



We have seen that pressiire is required 
to put air into motion, and more particu- 
larly, to overcome the friction it meets 
■with in rubbing against the top, bottom, 
and sides of the galleries in mines. We 
have next to consider the means employed 
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to give rise to this ventilating pressure. 
There is constantly a pressure of nearly 
a ton to the square foot in every direc- 
tion in the air near the surface of the 
earth, owing to the weight of the air 
above it ; and we must either inci-e^e 
or lessen the amount of this pressure, in 
order to put the air into motion ; and it 
is only the amount of this increase or de 
crease, and not the entire pressure, that 
puts the air into motion and overcomea 
the fiiotion in mines. 

Take the case of two pits or shafts, of 
equal depth, and having their tops and bot- 
toms on the same level, and filled with 
stagnant air, which likewise occupies an 
opening, extending trom the bottom of 
ono shaft to the bottom of the other ; 
and suppose that in the first place the 
weight of the air in one shaft is the same 
as that in the other, the temperature and 
other conditions being the same in each, 
and that the shafts are of the same sec- 
tional area or size: in this state the two 
colunins of air exactly counterbalance 
and support each other, so that there is no 
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motion in the air, and therefore no venti- 
lation is produced ; nay, further, if one 
ehail be ever so much larger than the 



other, the air it contains can only press 
upon that in the smaller one over the 
area of the smaller section ; the air con- 
tained in the extra size of the larger 
Bhaft resting or pressing upon the sides of 
the shaft or air-way at the place where 
the area is lessened, and not upon the air 
in the smaller shaft ; so that whatever 
may he the relative sizes of the shafts, 
the air in the one will balance that in the 
other if the density of the air is the same 
in each ; this may be termed the pneuma^ 
tic parados. If, however, by means of a 
furnace, at F in the diagram, the air in 
one sbaft is heated and expanded, it be- 
comes lighter, bulk for bulk, than the 
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cool air in the other, and no longer bal- 
ances it ; the pressure of the heavier air 
then overcomes that of the lighter air, 
and piMhes it up the shaft "before it, while 
the cool air from the cool shaft takes its 
place, but not in a cool state, as it gets 
heated in its turn in passing over the fur- 
nace, so that there is a continual current 
of cool air going down one shaft -which 
pushes before it a constant current of hot 
air up the other shaft. 

In mines, the air, Instead of being 
allowed to go direct from the bottom of 
one shaft to the furnace and up the other, 
is' guided by means of stoppings and 
doors into and along the various passages 
forming the workings of the mine, before 
it is brought upon the furnace or into the 
upcast shaft, and, by this means, a eon- 
tinnal stream of air is made to sweep 
through the workings and mix with and 
carry off the gases as they are given off, 
and this is called the ventilation of the 

In 8ome cases, men, boys, and horses 
require to travel in directions that the air 



f, Google 



is wot wanted to go, and in anch cases wo 
cannot build up the way by stopping, bat 
have to place doors to stop the passage 
of the air; in many cases, the opening of 
a door to allow a person or horse to pass 
would have a bad effect by allowing the 
air to pass through it even for so short a' 
time, and to avoid this evil two doors are 
employed, so that one may be always 
closed when the other is open. The use 
of dooi-s in the principal roads of mines 
is objectionable where it can be avoided, 
and ia much leas common, at least in some 
districts, than formerly; in other dis- 
tricts of the kingdom the number of ven- 
tilating doors is very great, notwithstand- 
ing the danger and coat attending their 
use. The neglect of keeping doors shut 
has, no doubt, often led to serious explo- 
sions of gas in mines. In some oases it is 
necessary that the route of one split or 
current of air should intersect and cross 
that of another, and in such casoa one 
current is carried over or under the other 
by means of drifts or masonry to prevent 
their coming into contact with each 
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othei"; tMe arrangement is called an aiu- 
crosaing or bridge. When an explosion 
occura, the force of the concussion often 
destroys air-crossings, and thereby inter- 
rupts the ventilation ; so that tbey should 
be avoided as far as possible, and made 
very strong where they are used in fiery 
mines. 

It has already been stated that where 
there are several splits of air in a mine, of 
ths, and offering different 
a sometimes find that too 
little air goes into the longer splits, com- 
pared with the quantity going into the 
shorter ones ; and in order to correct this 
evil, we put regulators or contractors into 
the shorter ones so as to increase the 
natural resistance they offer, and cause 
more air to go into the long splits. 
Regulators, although useful where they 
are unavoidable, are not desirable, as they 
, contract the air-ways, and so lessen the 
total quantity of air circulating in the 
mine in a given tima As fai- as may be, 
the routes of the air should be ao propor- 
tioned that each split may obtain its pro- 
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per share of air without using any artifi- 
cial regulators. Doore, air-crossings, and 
regulators should be avoided in all cases 
where the circumstances of the mine ad- 
mit of it. ' 

In order to find the amount of ventilat- 
ing pressure, and the power arising from 
the use of a ventilating furnace, we re- 
quire to know the weight of a cubic foot 
of air at diffei-ent temperatures and under 
different pressures. Careful eKperimenta 
show that 459 cubic feet of air at 0°, or 
zero of Fahrenheit, the common thermo- 
meter, weigh 39.76 lbs., when the pres- 
euro ie 30 inches of mercury of the den- 
sity due to 33° ; a pressure equal to 
nearly 14f lbs. per square inch, which is 
the ordinary pressure of the atmosphere 
— ^but it only weighs l-30th of this, or 
1.3253 lbs., when the pressure is only one 
inch of mercury ; and since 459 feet of 
air at 0° expand exactly a cubic foot for 
each degree of heat added, we get the 
following rule to find the weight of a 
cubic foot of air, at any temperature, and 
under any pressure : 
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1.3g53 X I 
W = 459 _|_ i • 

where I = the height in inches indicated 
by the barometer, and t ^ the tempera- 
ture by Fahrenheit's thermometer. At 
38", wnder a pressure of 30 inches of 
mercury, 100 cubic feet of air weigh just 
8 Iba. ; a box 5 feet every way would 
juat contain 10 lbs, of such air. 

On one occasion, at Hetton CoIIieiy, 
when 225,176 cubic feet of air per minute 
were circulating, the average temperature 
of the air in the downcast shaft was 43^"*, 
and that of the air in the upcast shaft 
was 211°. Now, by the rule given (if 
we take the barometer half-way down the 
shaft to have shown a pressure of 30^ 
inches of mercury), tlie weight of a cubic 
foot of air, taking the average, in the 
downcast shaft, would be ,08044 lbs. j 
and the pit being 900 feet deep, this air 
would produce a pressure of .08044 X 
900 = 73.396 lbs. on each square foot by 
its mere weight. The air in the upcast 
shaft, owing to its being hotter, would be 
lighter, and only produce a pressure on 
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each foot = 54,397 lbs, ; and hence the 
difference of pressure on each square foot 
of area, between the two columns of aii-, 
would be = 18.099 Iba, Now in order 
to find the horse-power producing venti- 
lation, we require to multiply this differ- 
ence of pressure of 18.099 lbs. on the 
square foot, by the number of cubic feet 
of air circulating per minute, and then 
to divide the result by 33,000, the num- 
ber of lbs. raised one foot high per min- 
ute by a horse-power. In this case then, 
we find the ventilating power at Hetton 
Colliery must have been 

lg.099 X 225,176 
33,000 =1' 
325,176 cubic feet of air per minute being 
in circulation at the time. Some part of 
the extra heat of the air in the upcast 
over that in the downcast shaft, would 
have arisen from the heat of the mine, 
and would have caused what is called a 
natural ventilation, even if fiirnaces had 
not been used. But natural ventilation 
is generally very small in amount, and 
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cannot be depended upon, as, in hot 
weather, the downcast column of air is 
little or no cooler or denser than the 
air in the upcast, and, by making the 
weight or pressure of the two air columns 
equal, there is a liability to stop all venti- 
lation. 

Where furnaces are used to produce 
ventilation, the deeper the upcast shaft 
the better ; because tbis gives rise to a 
longer upright column of hot air, and so 
causes a greater ventilating pressure, and 
consequently a brisker ventilation. Fur- 
naces are not well suited for causing ven- 
tilation in shallow pits, for this reason; 
and sometimes machines are fixed at the 
top of the pit to pump the air through 
the mine. These machines, for the most 
part, exhaust air out of the upcast shaft, 
and the pressure of the denser air in the 
other, or downcast shaft, causes the cur- 
rent. Such a ventilating machine, like a 
furnace, acts by rendering the upcast 
column of air lighter, bulk for bulk, than 
the air in the downcast shaft ; the same 
effect is sometimes produced by large 
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fans, the machines mostly being worked 
by steam engines. A few of these vea- 
tilating machines are used in the south of 
England, and in Wales, and a great num- 
ber are used on the Continent. Ventilat- 
ing machines of the best construction 
consume less coals (to produce the same 
quantity of ventilation) than furnaces, 
except in very deep and dry shafts. But 
coals are plentiful at collieries, and the 
liability of ventilation being suspended 
by the breakage of the machinery, and 
the inconveniences attending the stop- 
ping of the ventilating machine for re- 
pairs to itself or the engine, together with 
the difficulty of applying ventilating ma- 
chines to working shafts, render them, in 
the opinion of many persons, less to be 
depended upon than furnaces in general. 
Taking the average of eleven different 
collieries in the Newcastle district, each 
pound of coal puts 13,000 feet of air into 
circulation, by the action of furnae£«. In 
some collieries two or three times as 
much air is cironlated by each poimd of 
coal as in others, depending on the 
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depth of shaft, and its state as to dryneas 
or wetness, and on the friotion of the air 
in the shafts and in the mine itself. There 
are in Wales some seven or eight venti- 
lating machines at work, producing ven- 
tilations varying from 16,000 to 75,000 
cubic feet of air per minute. The largest 
machine is one recently erected at Deep 
Duffiyn Colliery, which, with air-ways 
of sufficient area, is capable of producing 
a ventilation of double the latter quan- 
tity. 

Jets of steam were proposed to pro- 
duce the circulation of air in mines a few 
years ago, but by an elaborate series of 
experiments their eftects were found to 
be far below that of furnaces, and the 
cost to be very great; the idea of their 
utility for ventilating mines was therefore 
abandoned. The useful, work contained 
in a jet of steam probably varies as the 
cube of the velocity of the steam, so that 
if the same quantity of water was con- 
verted into steam, in a given time, the 
power contained in it would depend upon 
the smallness of the jet orifice it had 
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to eeeape through ; by halving the area of 
the jets we should obtain eight times the 
power, and should therefore get a double 
quantity of air through the same mine ; 
by rednciDg the area of the jeta to one- 
third, we should obtain a treble quantity 
of air, by the same quantity of steam, in 
a given time. At least these are tbe 
results given by calculations made upon 
the principles of mechanics, which are 
found to be true for streams of water and 
air. I have not taken pains to compare 
them with the results of the experimentB 
on steam jets as applied to ventilation, 
because the results seemed to hold out no 
hope of steam jets ever being made avail- 
able for ordinary ventilation. There are, 
no donbt, temporary and peculiar circum- 
stances under which steam jets may be 
useful in the prodaetion of ventilation, 
such as cases where it is either unsafe or 
impracticable to use ordinary furnace 
action. 

Falls of water are sometimes employed 
in downcast shafts to cause a current of 
air to descend; but as the water has, for 
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the most part, to be raised again from 
the mine, and as the effects they produce 
are small, in proportion to the power em- 
ployed, this mode ofventilation is seldom 
used, except where fnrnace action or 
other means are necessarily excluded. 

OP THE INSTKUMENTS USED IN COiTNEtrriON 
WITH THE VENTILATION OF MINES. 

Barometer. — The pressure of the at- 
mosphere in different states of the weather 
varies from 28^ to 31 inches of mercurial 
column, being from 2,016 to 2,193 lbs. per 
square foot; and it is found that the 
natural discharge of gas in mines be- 
comes greater as this pressure becomes 
less, so that the reduced atmoepberio 
pressure, as shown by a barometer, is a 
waining that an increased quantity of 
gas may be expected to bo given off in 
mines, and, therefore, calls for increased 
care and vigilance to keep the ventilation 
at its greatest point, and for taking pi-e- 
cautions against the enemy. The air 
pent up in goaves and abandoned exca- 
vations also expands in volume fix>m the 
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reduction of presBure which causet 
fall of the barometer ; the increased vol- 
ume being given out into the air-ways, 
and often being mixed with gases n 
Bitating careful attention, as the barome- 
trical pressure of the atmosphere is 
sened; the more suddenly the pressure 
falls the more observable are these re- 
BuUs. A very sudden fall of the mercury 
is accompanied by a worse effect on 
mines than a greater fall, provided it 
takes place less rapidly. Au increase or 
decrease of the pressure of the atmos- 
phere has little or no effect in altering 
the volume of air passing through a mine 
in a given time, although it alters the 
density and weight of such air often to a 
considerable extent. 

A good portable barometer may be 
used to ascertain the friction of air in 
passing along air-ways, because the loss 
of pre^ure, by friction, as the air circu- 
lates, is always taken off the pressure of 
the Mr itself; so that in level air-ways 
the air is less and less compressed as we 
i in the direction followed by the 
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air, and the reduction of pressure is an 
exact measure, in such air-ways, of the 
pressure spent on friction. 

When the aii--way rises or dips, allow- 
ances for this have to be made in finding 
the amount of friction from the pressure 
of air in this manner. Aneroid baro- 
meters appear to be tetter suited for use 
in mines than the common barometer or 
weather glass, as they are more portable, 
less liable to derangements, and almost 
equally reliable, at least for comparative 
indications, which are jast as useful as 



Ifiermometer. — The thermometer is 
used to measure the heat of air in mines ; 
when the fresh air, going down a down- 
cast shaft, is heated, it expands and be- 
comes lighter, aad is therefore less able to 
force the air before it through the mine ; in 
other words, by being heated, the weight 
of the column of air in the downcast 
shaft is reduced till it is more nearly 
equal to that in the upcast shaft, and 
consequently the ventilating pressure is 
lessened, and therefore the quantity of 



f, Google 



60 

air circulating is also reduced iii amount. 
By tlie use of this instrument wo find 
the difiereuce of temperature between 
the air in the downcaat and that in the 
upcast shaft, and so are able to calculate 
the ventilating pressure due to the action 
of a furnace. 

Wat^ Gauge. — The water gauge is 
merely a glass tube, bent into the form of 
the letter U with a scale of inches and 
parts, by which we can measure the 
difference between the height of the 
water in one tube and that in the other. 
It has already been stated that the air 
loses the pressare that is spent on the 
friction as it progresses along an air-way. 
Now, when an air-way happens to turn 
BO as to come nearly parallel to itself, 
there is often a door or stopping separat- 
ing the two adjacent parts of the same 
air-way, and this instrument enables us, 
in a direct way, to measure the amonnt 
of pressure that is spent on friction 
between the two adjoining parts of the 
air-way so sitnated. The air has less 
pressure on the outcome or return side of 
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the .separation than the air on the intake 
aide, which has not yet met with the 
friction of the intervening distance of 
air-way. If the water in one leg of the 
tube is exposed to the pressure of the in- 
take air, while that in the other is ex- 
posed to the leaser pressure of the return 
air, the greater pressure on the intake leg 
of the water gauge sinks or depresses the 
surface of the water in that leg, and 
raises it in the other leg; the difference 
of level, which represents the ventilating 
pressure spent on the air-waya lying be- 
yond the place where it is taken, is sel- 
dom so much as" three inches, and often 
only one inch in well ventilated mines. 
The amount of water gauge can be in- 
creased, either by increasing the ventilat- 
ing pressure, and consequently also the 
quantity of air circulating in a given, 
time, while the air-waya are in the same 
state, or it can he increased by falls of 
material, or other obstructions in the air- 
ways, even while they lessen the quantity 
of air circulating ; because such obstruc- 
tions increase the frictional resistance of 
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the air, and the gauge is a measure of 
that reeistauce. A water gauge does not 
show the shaft resistances -when used in 
a mine ; the pressure shown hy the water 
gauge k equal to the general shaft venti- 
lating pressure, less or minus the friction 
due to the air in the shafts and in the air- 
ways extending from the shafts to where 
the gauge is tried. It is also a measure 
of the resistances the air meets with in 
the workings lying beyond it, less or 
mintts any local force, ariang from the 
air in the returns heing lighter than that 
in the intakes, in dip-ways ; or it is equal 
to siich friction added to any such pres- 
sure that may operate against ventilation 
from the same cause in the rise-ways or 
epUta of air in the mine ; and in cases 
where the air of the returns is more 
dense than that of the intakes, the effects 
arising from the dip or rise of the work- 
ings will, of course, operate in the reverse 
manner upon the indications of the 
gauge. When the air-ways remain in 
the eame state, the amount of water 
gauae increases as the ventilation in- 
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es, and falls aa it decreases; but 
the proportion of variation of the gauge- 
preaaare is nmch greater than that of the 
quantity of air circulating ; the square of 
the quantity of air, except in so iar 
as local pressures may interfere, is pro- 
portional to the pressure indicated by the 
gauge, because the friction varies as the 
square of the quantity of air. 

The A-nemometer is an instrument used 
to measure the rate at which the air flies 
in mines. That invented by the late Mr, 
Biram is the one mostly used in English 
mines ; it is not a very easy matter to 
find how much each of these instruments 
requires to be allowed for its own work- 
ing friction; no perfect rule has yet been 
established for this pui-pose, although 
one is much needed. An approximate 
rule requires that a constant quantity 
should be added to the number of revo- 
lutions in a minute, no matter what may 
be the speed of the wind or of the instru- 
ment; and that the sum so obtained 
should be multiplied by another constant 
quantity, to give the velocity of the air 
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in any terms in which we wish to find it. 
Coombes's anemometer can be put into or 
out of gear by pulling strings attached 
to it ; this instrument is said to giro very 
correct results, and is greatly used on 
the Continent ; it is, however, more 
troublesome to use than Biram's ane- 
mometer, and is seldom seen in our mines. 
There are a few other kinds of anemo- 
meters; but a good and simple instru- 
ment, or mode for finding the velocity of 
air in motioo, has probably yet to be 
contrived, 

Thu Hygrometer. — In fine experiments, 
the hygrometer is used to ascertain the 
proportion of moisture in the atmosphere 
of mines, from whence its density and 
also ita capacity for heat are found. 
Mason's wet and dry bulb hygrometer is 
better adapted for use in mines than the 
more delicate one of Daniel. The return 
air in nearly all mines is found to be 
saturated with vapor of water ; that ia to 
say, it contains the greatest quantity of 
vapor that can exist in it at its tempera- 
ture ; and a portion of vapor is condensed 
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by the least degree of cooling that takes 
place in the air. An atmosphere satur- 
ated with vapor is lighter, bulk for bulk, 
than another at the same pressure and 
temperature, but containing lesB vapor. 



In the discussion which followed — 
Mr. Atkinson "said: Supposing you 
have a long spht and a short one in the 
same mine, and yon regulate or contract 
the short one by an artificial obstruction 
until the quantity going intO' each is 
equal ; then supposing, from some cause 
or other, the general ventilating pressure 
is gradually reduced : what would be the 
' result ? Would the short split get half 
of the remaining total quantity of air, or 
would it get less or more ? That ques- 
tion would have been answered in my 
younger days by saying that the short 
split would ultimately take the whole of 
the air, and none would go to the long 
one. Now, however, it is a fact, which I 
haye proved over and over ag^n, that if 
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the air-ways are level, and yon reduce the 
Tentilating pressure, each split will take 
its original proportion ; but if the long 
one is a dip-way and the short-way ia a 
level one, on reducing the gross quantity 
of ventilation the long-way gets more 
than its original Share of the reduced 
quantity, and so takes the lead of the 
short split. If, on the other hand, the 
long split is a rise and the short a level, 
on reducing the gross quantity the long 
split gets less and the short one gets 
more than its share. Supposing one split 
gets 60 per cent, and the Other 40 per 
cent, of the total to begin with, if the 
airways are level, each will get the same 
percentage when the gross amount is 
lessened. Just the reverse results take 
place if you take the proportions from 
any standard amount of ventilation, and 
then inerease the gross quantity, where 
there are rise and dip splits, supposing 
the air in the returns to he hotter and less 
dense than in the intakes in each caae. If, 
however, the returns were so mixed with 
carbonic acid gas, and so cool as to 
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be more dense tlian tbe air in the intakes, 
then the reverse results would ensue on 
increasing or reducing the ventilating 
pressure, where the splits are not level. 
We had a long discussion about this 
at the North of England Institute of 
Mining Engineers, Some one suggested, 
after tho Lundhill accident, that instead 
of having air kept so much in one cur- 
rent, if they had taken it up each bank 
on separate splits, they would have got 
a much better ventilation ; but the objec- 
tion was raised that in the event of the 
furnaces being low and the general ven- 
tilation being reduced, the far-off places 
would get no air; it would all i-un 
through the " short cuts;" and it was to 
coiTeet that idea that the matter was 
made the subject of investigation by 
careful experiments. Further, the benefit 
of splitting air depends in a great mea- 
sure upon the proportion of resistance 
that occurs in the shafts as compared 
with that which occurs in the workings. 
The total pressure applied may be divided 
into two separate items, one of which is 
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employed to overcome the shaft friction, 
and the other to overcome the resistance 
in the workings. Generally speaking, 
you can snbdivide the iporkinga till you 
reduce the friction very materially ; but 
the friction in the shaft is, of course, 
always the same for a given quantity of 
air, and it is only from reducing the fric- 
tion in the workings, that the henefieial 
results of splitfeng the air are derived. 
As to dumb drifts, in some collieries, 
where discharges of gas occur, it might 
be expedient to use them ; but he would 
rather have sweeping ventilation, as a 
rule, and a mixing of the return air from 
the place where the gas was given off 
with that from the other ways, so as to 
render it safe before reachingthe furnace. 
If you supply the furnace with fresh air, 
you never get with the same furnace the 
same amount of air into the workings, 
and onr object is to cut down the amount 
of friction in the downcast and upcaat 
shafts. There is one rare case where 
that does not hold, and that is if your 
returns were so charged with carbonic 
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acid gas, so fearfully charged with it, 
that they would not let the furnace bum, 
you would have nothing else for it but to 
use fresh air, but you would use it at the 
expense of not getting the same amount 
of ventilation as you would get with or- 
dinary air. 



f, Google 



f, Google 





oalsluiJtis Catalogue senlfi-ee bu man im 


receipt of lirics. \ 




VALUABLE 


SCIENTIFIC BOOKS, 




D. VAN NOSTRAND, 


>3Mu 


BBAV StseST and =7 WAERHN StsEET, 




NEW YORK. 


FRANCIS, 

ed'orific 
Massach 

engravin 
ROEBLIN 

Imperia 

CLARKE 

Bridge « 


Keclangular Section, and through submerg- 

;;£ *s1?.- 5r.>" * " "4 

evised and enlarged, with manv new eip«ri- 
d iUusttated with twenty-three copperplate 

3. 1 voL 4H), doth t'5 ™ 

(J, A.) Long and Short Span Railway 




TUNNER (P.) A Treatbe on Eoll-Turnins f^ the 

Maunficture of Iron. By Peter Tnnner. Irans- 

e bled and adapted by John B. Pearse, of the Penn- 



f, Google 



ISHERWOOD (B. F.) EngiDeerinE Precedents ibr 
Eieaoi Machinery. Arranged in the moalpraclkal 
and usefiil manner for EnghiEera. ByB. F. laher- ■ 
wood, Civil Engineer, U. ST Navy. With lHustra- 

BAUERMAN. Treatise on the Metallui^ of Iron, 



of Assay, and analysis of Iron Ores, 
-nutaclure o' ■ — '-^ "•—< -~ -■- 

"siedj.fr™ 



__ .. .. _.......jdSteei,. 

and eniai^ed, ^Lh aii Appendix on the Mai 



CAMFIN on the Coostmclion of Iron R00&. B7 
Fiands Campin. Svo, with plales. dolh 

COLLINS. The Frivaie Book of UsefuJ AUoys and 
Memoranda for Goldsmiths, Jewslleis, &c. By 
Jamea li. Collins. iSnio,clDlh 

CIPHER AND SECRET LETTER AND TELE- 
GRAPHIC CODE, wilh Ht^'s Impravemeats. 
The most perfect secret code erer invented or dis- 
covered. Impossible to read nithout the kej. By 
C. S. Larrahee. iSmo, cloth. 

COLBUBN. The Gas Works of London. By Zerah 
Colbum.aF. ivi^ TaniD,hoards 

CRAIG (B. F.) Weights aed Measuies. An atcoune 
of the Deoraal System, with Tables of Conversion 
for Commerdal and ScieDtiSc Uses. By B.F.Craig, 
M.D. I voL square sumo, limp cloth 

NUGENT. Treatise on Optica; or, IJght and S^t, 
theoretically and practically treated; with Iheapi^- 

GLYNKT (J.) Treatise on the Power of Water, as ap- - 
plied to drive Flour Mills, and to give monon lo « 
Turbines and other Hydtoslatic Engines. By Joseph 



f, Google 



PCBUCITIOSE. 

HUMBER. A Handy Book for Iha Calcala'dgn ' of 
Slrength, coueisibg of FonnJlE aSd^cm^Vdine 
DiagramE, with numerous details for praclicat appli- 
SittcTd^ WiUi^ra Humb«. ,jmo, fiiUy fc 

GRUNER. The Mannlietura of Sieel. By M. r, 
Gruiier. Translaled from Iha French, by Lenoi 
hm.il^ with au appEQdix on the Bessamer process i» 
the United States, by the IransUtor. Illustraled by 

AUCHINCLOSS. Lipk and Valve Motions SimpJified. 
liJostraled witli 37 wood-cuts, and si lithMraphic 
plates, tMether mth a Ttave! Scale, and n™eroua 
laeful Tablet By W, S. Auchindoss. 8vD,dolh.. 3 

VAN BUREN, Iiivesligadons of rormolas, for the 
strength of the Iron pans of Steam Machinery. By 
J. D. Van Buren, Jr.. C. E. IlluBtrated, Svo, doth. 2 

JOYNSON. Des^ng and Consttucdoa of Machine 



GILIMOItE. Cdgnet Baton and other Arlifidal St 
JiyQ. A. GiUmotB, Major U. & Corps Engins 
9 plates, views, Ec. gyo, doth 

SABLTZER. I'leattae on Acoustics in conn«dion ' 
Venrilation. By Alexander Sadlser, Archii 

THE EARTH'S CRUST. A handy Outline of ( 

logy. By David Page. Ilfustratea, iBmo, cloth 

DICTIONARY of Manufeclures. Minma Madiit 



FRANCIS. ODtheStrenMhofCast-IronPillars, 

'^ '-'-- ' 'lie use of Engineers, Architects 

"'. Francis, Civil En^ 






f, Google 



GILLMORE IGen. Q. A.) Treatise on Limes, Hy- 
driulic Cements, aiid Morlara. Papers on Practical 
Eiigiiieeriiig, U. S. Engineer Depattment, No- 9, 

ducted in New York Qty, dnring the years iB^ w 
1861, inclusive. Bv Q. A. Gillmore, Bvt. Mai -Gen., 
U.S. A., Major, Coips of Engineers. WiOi num- 
erous illusuadons. 1 vol, 3vo,doth *4 ™ 

HARRISON. The Meclianic's Tool Book, with ftao- 
ticai Rules and BueeeBtiona for Use of Macbinists, 
Iron Workers, anTolhers. By W. B. Harnson, 

HENRICI (Okius). Skeleton Stmetures, especial^? in 
their application to the EuildinEOf Steel and Ire- 
Bridges. By Olaus Henrid with folding plati 
anddiagrams. 1 voL Svo, cloth.,,-- --..■- ■ 



HEWSONIWm.} Prineiples and ftactice of Embank 

ing Lands from "-■■-- •"—'- <■•' •- '<■•• ' '- 

I veeaoftheMiss 



r Floods, as applied to 



HOLLEY (A. L.) Railway FracticB. American and 
European Railoray Practice, in the eoopomical Gen- 

struction of Coal'-burning^oilerB, Combustion, the 
Variable Blast, Vaporii^on, Citralation, Superheat- 
ing, Supplying and Heating i^eed-water, etc., and 
the Adaptadon t>f Wood andCoke-bnnnng Euginei 



Road-bed, Sleepers, Rails, Joint-fastenmgs, Street 
Railways, etc, etc. By Aiexander I. Honey, B. P. 
With 77 lithographed plates, i vol. folio, cfotli. .. . 11 

KING(W. H.) Lessons and Practical Notes on Steam, 
the Steam Ei^e, Propellets, etc., etc., for Young 
Marine Engineers, Students, and others. By the 
late W. H. King, U. S. Navy. Revised by Chief 
, Engineer J. W. has. U. S. N^vy. Tweliih edition, 
enlarged Svo, doth i 

MINIFIE (Wni.1 Medianical Drawing. A Text-Book 
rf Geometrical. Drawing for the use of Mec!uinu;s i 



t, Google 



jhich Iha Definitions and Rules c 

anEcd, frc^ tha most am^e to th 
id in Ui^ deS43iptioa tecDnicalide 



for Diawing Plans, Seclioiia, and Elovations of Rail- 
ways and Machineg' ; an Introductioii lo Isometrioal 
Dri'mug, and an Essay on Linear Perspective and 



;h3dov;s. ] 



Geometrical Drawine. Abridged from tlie odavo 

edilioD, for the nse of Schools. lUiiatrated wilii 4S 
steel plates. FifLb edition, i toI, i=mD, cloth.... 2 

STILLMAN (Paul.) Steam Engine Indicatoii and llie 

tli^Uaiitf and Application, By Paul StiiSiaiu 

New edition. 1 voL larao, flexible cloth 1 

SWEET (S.H.) Spraal Report on Coal; showing its 

different rontea to various pdnls in the State of New 
York, and the princiml cities on the Atlantic Coast 
ByS.H.SweeL Willi maps, 1 voL Syo, doth 3 

WALKER (W. H.) Screw Propulsion. Notes on 
Screw Propulsion ; its Rise and History. By Capt. 
W,H.W^er,U, S. Navy, i vol, 8vo, cloth 

WARD IJ. H.) Steam for the Million. A popular 
Treatise sd Steam and its Applicadan to the Useful 
Arts, espedallj to Navigafion. By J. H. Wand, 
Commander U. S, Navy, New and revised edition. 
I vol. Svo, doth T 

WEISBAGH (Julius), Principles of the Mechanics of 
Machinery and Ei^oeeriiq^ By Dr. Julius Weis- 
bacli, of C'rdburg. Translatadfiom thalast German 



f, Google 



. The Theory of'Sttains. a Compendium 
for tho calculation and coiislruclion of Bridgea, Koofs, 
and Gianes, with iIm application of TrigoDometrical 
Notes, conCaiuIng tbo mosl dHnpreheDeive informa- 
non in ngaid to the Ttesultbg strains Sbe s peimao- 
ent Load, as also for a comMned (Fetmanenl and 
Boiling) Lead. In two sections, adadled to the le- 
ninrementt of the preBenl time. By John Uiedrich, 
GE. llluairated by numerous plateaand diagrams. 

WILLIAMSON (E.S.) Onthe'nMoftheBaromeieron 
Surveys and Reconndssances. Fart I. Meteorology 
in its Conuection mlh Hypsometry. Part II. Baro- 
metric Hypsometry. ^ R. S. WUiamson, Evt 
Lieiit-CoL V. S. A., Major Corps of Engineers. 
With IllustiativB Tables and Engravii^. Paper 
No. 15, Proleasional Papers, Corps of Engineers. 
iToL 4(0, cloth II 

POOK (S. M.) MeUiod of Comparing the liies and 
DtauditinB Vessels Propelled by Sail or Steam. 
Including a chapter on Laying off on the Mould- 
Loft Floor. By Samuel M. Pcik, Naval Couslruc- 
tor. iTOl.Bvo, with illitsttations, cloth ; 

ALEXANDER (J. tl,) Universal Dictionary of 
Weights and Heasurea, Ancient and Modern, re- 
dnoed to the standards of the United States of Ame- 
rica. By J. H. Alexander. New edition, enlarged. 
I VOL 8vo, doth ; 

BROOKLYN WATER WORKS. Containing a De- 
scriptive Account of the Construction of th^orits, 
and also Reports on the Brooklyn, Hartford, Belle- 
yilleand Cambrii%e Pumping Ei^ines. Withillustia- 

WICHARDS' INDICATOR. A Treatise on the Rich- 
ards Sleam Enrine Indicator, with an Appendix by 
F. W. Bacon, Mi E. iSmo, flexible, cloth. 1 



f, Google 



POPE. Modern Practice of the 
" idBookfiitElt ■ ■ 



HaDd Book IbrElKUidansaiid operators. ByFtaak 
L- F*3pe- Eighdi ediLiDik, reTiaed and enln-rged, and 
folly iQlustraUd. tvo, cloth. 3: 



irae, L[,.D.,U. S 



4l prudcij Jfllorma 



he TeEftgraphic Appar^ 



vrilh ad- 



SABINB. HistoryaDd Piogressofth 
graph, with d^riptione of same o 
By Robert SaUne, G E. Second i 
ditioDS, iiido, dolh 

GULLET. A Hand-BoolL of Practkal Telegraphy. By 
R. 5. Culley, Engineer to the Electric and iDterita- 
tional Telegraph Company. Foorth edition, revised 
and eniatged, Uluslrated Svo, clolh ; 

SENET. Electro-Ballistic Machines, and the Schultz 
Chronoacopt By Lieut-Col. S. V. BenEl, Oaptain 
of Ordnance, U..S. Army. Illualraled, second edi- 
tion, 4to, cloth 3 

MICHAELIS, The Le Eoulenge Chronograph, with 
tiiree Lithograph foldine plates of illustrations. By 
Brevet CanUin O. E.Mchaells, First Lieutenant 
Ordnance Corps, tj. S. Army, 4I0, doth 3 

ENGINEERING FACTS AND FrCORES An 
nnnnal Register of Pr«ress in Mechaiucal Enghieer- 
ing and Omistruction, tor the years 1S63, 64, 65, 66, 



HAMILTON. Useful Information for Ralway Men. 
Cnmpiled by W- G. Hamilton, Engineer. Fifth edi- 
tion, revised and enlai^ed, s6» p^es Pocket form. 

" ' 7 



f, Google 



STUART. ITie Civil and JliliHiy Engineers of Am=i- 
ita. Bj Gen. C. E Stuart. With 9 finely eteculed 

engravinEs ofaoina (rfthe most iraportantworkjcon- 

stnicHd in America. Svo, clotfa • tj 

STONEV. TbsTheoryofSaainsinGirderaandsmi- 

Theorv to Practice, and Tables DfStieBgtli and other 
TToperties of Materials. B; Bindoo B. Stoney, a A. 

engravinga on wood, by Oldham. Royal Svo, 664 

SBREVE. A Treatise on Ibe Streogtb of Bridges and 
Roofs. Conipriain^ the delerminadon of Algebraic 

Triangnlar, Bowstring, Lenticular andolherTrussesI 
from fixed and moving loads, with practical applica- 
tions and examples, for the use of Stodents and Kiiei- 
neecs. By Samuel H. Shreve, A. M., CivU Engineer. 

G7 wood cut illustraUona. Svo,clDth ; 

MERRILL. Iron Truss Bridges far Railroads. The 
inetho<3 of calculating strains m Trusses, wlh a care- 
ful comparison of Ills most prouiinenl Tnisses, in 

Breve^^CoL^ilSam E. Merrill, U S. A., Major 
Corps of Ei^naers, with nine lithographed plates of 

WHIPPLE. An Elementary and Practical Treatise on 
Bridee Building. An enlarged and improved edition 
of the author's original worli. By S. Whipple, C E-, 
Inventor of the Whipple Bridges, &c Illustrated 
Bvo, elolb ^ 

THE KANSAS CITY BRIDGE. With an account 
of the R^men of the Missouri River, anda descrip- 
tion of the methods used for Founding in thai River. 
ByO Clisnute, Chief Engineer, and George Morri- 
son, Assistant Engineer. lUuetrated with five htho- 
giaphic viewsaniflwelveplatesof plans, 4to. cloth, ( 



f, Google 



:s bobtrand'b 



C CORD. A Praciical Tft: 



" bv E«'e^u^ic5, eiaminiug bymelhods the aelioi. pi the 
Eccentric upon the Slide Valve, aid explaining the 

adaptuig iSralve ibr its vwioub dnties in 'ho 31=™" 
engine- For the nsa of EiKineets, Drauihtsmen, 
SiinislB, and Students of Valve Moti™s in gene- 
ral. BvO.W. Mac Cord, A. M., Profemor of Me- 
HobSen, n"^ lUuSrated by B fnll page copper- 
plates. 4lo,clQth » 

KIRKWOOD. Report on tliB Filtration of^ River 
Waters, for the supply of citisB, as practised in 
Eurooe.madetotlia Board of Water Commiasioners 
of [he Ci^ of St. l-™i^' ]^^y j™^/^ ^i'^ti^t . 

PLATTNER.^ Manual of Quaiil^ive and Quantija^ve 

^'iiLonTr^i^''™Sar^ B^ProfrT^ Ricp^ 
of Iha Royal Sa>™. MinTug Academy. T«nslated 
byProE H. ». Cornwall, Assistant m the Columbia 
Sbhool ofMhies, New York assisted byJohnH. 
Caswell. Illustrated wilh 87 wood cuts, and one 
lithographic plate. Second edition, revised, 560 

PLTMPTON. The Blow Pipe. Asystera of Insmic-^ 



Prof. deo. W. Plyinplon, of the Polytechnic Tnsti- 

lule, Broolilyn, N^ 7. iirao, cloth ' 

PYNCHON, Intraduction to Chemi^l Physics, deign- 
ed for the use of Academies, Colleges and High 
Schools, inuslraled with numerous J'^^'^^^^^j 
^l^nf tS^m. By Thomas Ruegles, Fynchoo, 
M. A., Professor of Chemistry and the Natural Sci- 
ences, Trinity College, Hartford New edition, re- 
vised ajid enlarged, and illustrated by 369 illustrations 
onwood. Crown, Svo. cloth 3 



f, Google 



BLIOT AND STORER, A conipeddious Manual of 

Sualiladve (;heinical Analysis. By Chailes W. 
liot and Frank H. 3ti>rer, Revised ^Ih Ihe Co- 
Dpe[ldanofthe.autlio[s. By WUlbiD R. Nichnla, 
Fai^mor of Chemistaj in ihe MaesacbuseCls Insli- 
tuta of TBchndogy lIluBtaaled, iioin, doth. fi i 

IIAUMELSBERG. Gdde Co b caurae of QuaDtitalive 
Cbemical AnalyuB, eipedally of Minerals and Fur- 
nace ProdueUi Uluattaled by Birani^es By C. F- 
Rsmnrelabui;. TianaJaUd by J. Tovder, M. D. 
Svoidotb 3 s 

EGLGSTOIT. Lectittea on Deacripdve Mmeraloey, de- 
liTered at the ScbooJ of Mines. Columbia Colleee. 
By Professor T. Egleston, llluatiated by 3* LilBo- 
.graphic FlaHa, Sro, cloth 4 ■ 

MITCHELL. A Uauual of Pracdcal Asaayine. By 
lobn MiichelL Third edition. Edited tr Willkm 
Orookes, P. R S. Evo, doih lo c 

WATT'S DicSonatyof Uhemistiy New and Revised 

plementary volume ardd sapamtely. Price, dolh.., 9 « 
RANDALL. Quarti Operators Uand-Book. By P.M. 
Randall. New sdiUon, revised and enlarged, fully 

illustrated. iamo,dotb at 

SILVERSMITH. A Practical Hand-Book Ibr Miners, 
Ueiallucsists, anct Assayen. eomprisipg the most re- 
cant impravementB in the diauite^ation antalgama- 
tion, smelting and parting of the JredDIH DrBS,wifb 
acompraheDsiTeDigestof tbe Uining Laws. Greatly 
aoEmented-revisedandconECted. ^ Julius Silver- 
sinTfh. Fourth edition. Profusely iUusttaled. lamo, 

doth }£ 

THE USEFUL METALS AND THEIR ALLOYS, 
including Uining Ventilation, Mining Jnrisprudence, 
and Metallur^ Chemistry employed hi the conver- 
Mon of Iron. Copper, Tin, Zing, Antimony and Lead 
ores, with their applications to the Industrial Aria. 
By Scoffren, Truan, Qay, Oiland, Faitbaim, and 
•tWi Fifth edilioD, half calf 3/ 



f, Google 



'S PUBUCATlOtra. 

JOYNSON. Tile Metals used m constnictian, Irou, 
Slcel, Bessemer MeUl, etc, elc. Bj F. H. Jojrnsoii. 
llluslr^ted,iamo,doth $o 

VON COTTA. Treadse on Ore DeposiU- By Bera- 
hard Von CottB, Professor of Geology in the Royal 
School of Minos, Freidberg, Saiouy. Translated 
from Ihe second German edilion, by Frederick 
Prime, Jr., Mining £n^eer^ and reifieed by the an- 

URF, Dictionary of Alls, Manu&cnirea and Mines. By 
Andrew lire, M.D. SiiUi edition, edited by Robert 
Hunt, F, R. S., greatly enlaKed and re-wtitten. 
London, iBys. 3 vols. Kvo, dolli, Sas.00. Half 

BBLU Cbemical Phenomena of Iron Smeldne. An 

CLimstances nhicb determine tbe capaaty of the Blast 
Furnace, The Temperature of tbe air, and tbe 
proper amdition of the Maleriala to be operated 
upon. By 1. LoArthian BeU. Svo, cloth., ■■. - ( 



The Geology of PenDaylvania. A Govem- 
iiKiiL survey, with a general view of the Geol.^ of 
the United States, Essays on the Coal Formation and 
its Fossils, andadeacriptionof the Goal Fields of 
Noiih America and Great Britain. By Henry Dar- 

Sp°endily illustrated with Plates and EnBravinga ill 
theieit. 3vol8.,4to,ctotb,wlthPortfohoofiiaps, 30 
BURGH. Modero Marme Engineering, applied to 
Paddle and Screvj Propulsion, Consisting of 36 
Mlored plates, iS9 Rracrical Wood Cnt Illustrations, 

Wattle™ ISlG. if^niS I^^Naraer & Sons, 
and other celebrated firms, by N. P. Burgh, Engi- 
neer, thick 4to, vol., cloth, $3500; half nior. 3° 

BARTOL. Treatise on the Marine Hoilers of the United 
States, By B, H. Bartol. iUu5ttated,avo, cloth... i 



f, Google 



BOYNrON. Histt 



iloty of tht'u* S. M™ilary"A"d™y. 
:;.£. Boynton, A.M., Adjutant oflbe 



Miliiary Academy. Se'rand edidon, 



„ r-, Jtifilly iUustrated wilh 

r- fine engravinra, chiefly from photo- 

graplis takeq on the spot by tbc author. Extra 

dodi I3 JO 

WOOD. Weat Point Scrap Book, being a collection of 
Legends, Stories, Sonee, etc., of the U. S. MUiai-y 
Academy. By Ueut. a E, Wood, U. S. A. Ilius- 

Beautlfiilly printed on 7nted paper. Svo, doth ; oa 

WEST POINT LIFE. A Poem read before the Dia- 
lectic Society of the United States Uilitsry Academy. 
lUustraled with Pen-and-ink SItelches. By aCadet 
To which is added tlte song, " Benny Havens, oh I" 

oblong Svo,2t full page illustratioiis, cloth. a 50 

GUIDE TO WEST POINT and the U. a Military 



the United Slates Army. By Guy V. Henry, Brevet 
Colonel and Ga^in Firat ITniled Stales Artilletv, 
Iiate Colonel and Brevet Brigadier Gensral, United 
Saiea Volunteers. VoL i now ready. VoL » in 
press. Svo, pervolnrae, cloth 3 

HAMERSLY. Records of Living Ofllcera of the U. 
S, Navy and Marine Corps. Oominled from offioal 
sources. By Lewis B. Hameraly, late Lieutenant 
U. S. Marine Corps. Revised edition, Svo, doth... s 

MOORK Portrait Gallery of the Wat. Civil, Military 
and Naval. A Biographical record, edited by Frank 
Moore. 60 fine portraits on steel. Royal Kvo, 

16 



f, Google 



